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QUARTERLY  REPORT 
University of Nevada, Las Vegas 
Period Ending December 31, 2008 
 
Cooperative Agreement Number H8R07060001 
Task Agreement Number J8R07070010 
 
Limnological Assistance for the Lake Mead National Recreation Area in  
Meeting the Challenge of the Water 2025 Initiative 
 
Executive Summary 
 
Project 1 
• Technical input has been provided at four advisory team meetings attended this quarter.  
 
Project 2 
• A formal report titled, Surface Water Monitoring for Indicator Bacteria in High-use Sites of the 
Lake Mead National Recreation Area, has been prepared; an accompanying poster presentation 
for the Lake Mead Science Symposium is in preparation. 
 
Project 3 
• A draft document titled, “Interagency Monitoring Action Plan (I-MAP): Quagga Mussels in 
Lakes Mead and Mohave” has been presented to an interagency core group to review and input. 
Six oral presentations related to quagga mussels are in preparation by this group for the Lake 
Mead Science Symposium. 
 
Project 4 
• Data mining for 1980’s Lake Mead benthos study has been completed. A draft Access database 
and associated metadata record has been sent to researchers conducting current Benthos studies 
on Lake Mead (Sudeep Chandra, UNR) for their review and input. A poster presentation 
summarizing the data-mining and literature database is in preparation for the Lake Mead Science 
Symposium.  
 
Project 5 
• The Lake Mead Science Symposium is on schedule for delivery at the UNLV Student Union in 
January 2009. The symposium includes a plenary session of three keynote addresses and four 
special remarks by water-related agency leadership and six concurrent sessions with 44 talks and 
13 posters. The program is available at www.lakemeadsymposium.org. As of December 17, 2008 
more than 135 individuals are expected to attend. 
Public Lands Institute 
Box 452040 • 4505 S.  Maryland Parkway • Las Vegas NV  89154-2040 
Phone 702-895-4678    •    Fax 702-895-5166 
http://publiclands.unlv.edu 
 
Project 6 
• Interagency “Water 2025” Team meetings continue to be coordinated and built for eventual input 
into the ecological monitoring plan for Lakes Mead and Mohave. Day 3 of the symposium 
(project 5) will launch work on the ecological monitoring plan. 
 
 
 
Project 1 Technical Assistance to LAME with Interagency Monitoring Program 
 
C.2(a) Continue to attend and participate in technical advisory committees related to planning and 
implementation of monitoring programs on Lakes Mead and Mohave (SCOP, Lake Mead 
Water Quality Forum, Las Vegas Wash Coordination Committee). Provide a summary of each 
meeting attended noting important technical issues and challenges. 
 
 The meetings listed below were attended during this quarter. Summaries were prepared and 
delivered to Kent Turner (Agreement Technical Representative; ATR) via e-mail by David Wong 
(UNLV). These summaries may not to be posted on the Internet (or otherwise distributed 
electronically) because they do not represent formal minutes for these meetings. However, copies 
are maintained by and available from the Public Lands Institute. 
 
 
10/27/2008  SCOP/Boulder Basin Adaptive Management Meeting  
 WATER QUALITY OBJECTIVES and MODELING  
 
11/18-20/2008  Colorado River Basin Science and Resource Management Symposium  
  
 Associated professional presentation: 
  
 D. Wong and S. Gerstenberger. A Standardized Design for Long-term Quagga 
Mussel Monitoring in Lake Mead. Presented at the Colorado River Basin Science 
and Resource Management Symposium, Scottsdale, AZ. Symposium organizers 
have invited Dr. Wong and Shawn Gerstenberger (UNLV, Principal Investigator) 
to develop this presentation into a manuscript. 
 
12/03/2008 Lake Mead Water Quality Forum  
 
12/09/2008 Las Vegas Watershed Advisory Committee Meeting 
 
 
  
C.2(b) Continue to provide technical input into the development of these monitoring programs. 
Submit technical reports to LAME staff for review and input prior to submission to committees. 
 
Technical input is on-going through meeting attendance and participation [see C.2(a) above] and 
as described throughout project 1 activities, below. 
  
C.2(c) Review updated modeling data from ELCOM/CAEDYM/PLUMES. Provide management and 
monitoring recommendations to NPS in an annual report. 
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 UNLV project staff will continue to participate and assist, but their specific role has not yet been 
defined. 
 
 
C.2(d) Provide technical assistance in the review of suggested monitoring programs under the SCOP 
BBAMP, particularly Issues of Concern and Management Indices. 
 
As reported previously, a three-page document describing the issues of concern has recently been 
prepared by this committee of the SCOP BBAMP program. This document, which will be the 
basis for the management indices, is under review by Dr. Gerstenberger and Dr. Wong; a 
summary of recommendations will be provided in the near future. 
 
 
C.2(e) Participate in the completion and review of the Selenium Management Plan. Provide 
recommendations. 
 
As reported previously, the document, Basis of Plan Report for Selenium Management in Las 
Vegas Wash, which was prepared by Brown and Caldwell for the Clean Water Coalition is under 
review by Drs. Wong and Gerstenberger. 
  
C.2(f) Conduct a review and provide recommendations for the BBAMP Annual Operating Plan 
 
As reported previously, Dr. Gerstenberger has received an abridged version of the BBAMP 
Annual Operating Plan. He has reviewed this document and provided some informal 
recommendations on this document. He will provide a more detailed review of the full version of 
the document when he receives it.  
 
C.2(g) Participate in the development of the biannual data and trend review of BBAMP data as 
required by BBAMP. Provide recommendations. 
 
 Drs. Gerstenberger and Wong will participate as needed/required when data is made available. 
 
 
Project 2  Science Support for Water 2025 Interagency Monitoring & Research Initiatives 
 
D.2(a) Continue to conduct scientific reviews of data and reports resulting from Water 2025 CI 
projects as requested by ATR. 
 
Under the direction of Dr. Palmer, Patricia Cruz, Ph.D. (UNLV) has completed the review of data 
and reports associated with bacterial levels in high-use areas of Lakes Mead and Mohave.  
 
D.2(b) Provide an annual synthesis of the above reviews, addressing technical soundness of the 
projects, identify management implications, provide recommendations. 
 
Dr. Cruz has prepared a formal report (see Appendix A). A poster presentation describing this 
work is under development for the Lake Mead Science Symposium . 
 
 
D.2(c) Develop the annual synthesis into an annual summary for SNAP Board. Prepare a 
presentation and present to SNAP Board. 
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To date, the annual synthesis has not been completed nor developed into a summary and 
presentation for the SNAP Board. This will be accomplished at the request of the ATR. 
 
 
Project 3 Technical Assistance related to Quagga Mussel and other nuisance species 
We continue to track Project 3’s Year 1 activities as they are completed. Also please note that typographic 
errors are present in the numbering scheme pertaining to this project within the original task agreement. 
To avoid confusion, we maintain the same coding used within the task agreement and match like 
activities from both years as you will see below.   
 
E.1(a) and E.2(a) 
 
 Provide assistance for the development of a monitoring program to evaluate the emerging 
ecological effects of the quagga mussel infestation (Year 1). Provide assistance in planning, 
implementation, data review, and reporting related to the monitoring program evaluating the 
emerging ecological effects of the quagga mussel infestation (Year 2). 
  
This task will follow after development of the quagga mussel population-monitoring plan 
described below, which is the foundation for monitoring ecosystem response and trophic level 
analyses. 
 
E.1(b) Complete a review of the natural history of quagga mussels (Year 1).  
 
A draft section titled “Life History of Quagga Mussels” has been completed and presented within 
the draft document, Interagency Monitoring Action Plan (I-MAP): Quagga Mussels in Lakes 
Mead and Mohave (described below). This information will also become part of the ecological 
monitoring plan to detect changes resulting from quagga mussels, which is prescribed by E.1(a) 
and E2(b), above. 
 
E.1 (e)  Provide assistance in the development of a quagga mussel population monitoring and 
assessment program (Year 1) and 
E.2(b) Provide assistance in planning, implementation, data review, and reporting to the quagga 
mussel population monitoring and assessment program (Year 2). 
 
This task has been the major focus of Shawn Gerstenberger (UNLV, Project PI) and David Wong 
(UNLV). Work stemming from an outline prepared by Mr. Turner (ATR) on 9/30/2008 has 
resulted in the development of a 101-page draft document titled, Interagency Monitoring Action 
Plan (I-MAP): Quagga Mussels in Lakes Mead and Mohave (see Appendix B for the document’s 
table of contents). The document should not be posted to the Web because it contains some 
placeholder text describing agency goals and objectives; and not all of the agencies described 
have had the opportunity to revise and validate this text. The draft document is available upon 
request from Dr. Gerstenberger. Note that the Interagency Monitoring Plan (I-MAP) incorporates 
the previously reported 50-page document titled Suggested Standard Methods for Interagency 
Long-Term Quagga Mussel Monitoring in Lake Mead. 
 
Prior to distribution to the interagency sub-group for quagga mussels, an earlier draft of the I-
MAP was provided to Mr. Turner (ATR) for comments, and subsequently revised. As reported 
last quarter, it was hoped that the draft document would be ready for the 10/15/2008 Interagency 
Water 2025 Meeting. Instead, the concept of the I-MAP was introduced on 10/15, and 
participants volunteered to meet to discuss the document at a sub-committee meeting formed for 
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this purpose on 11/17/2008. The resulting document introduction was presented at the 
Interagency Quagga Mussel Meeting in hard copy on 12/04/2008 for discussion. Individuals in 
attendance were asked to supply Dr. Gerstenberger with the names and contact information of 
key personnel of agencies with management responsibility on Lakes Mead and Mohave who 
should contribute to the document. Drs. Gerstenberger and Wong will work with the sub-
committee in further development of the I-MAP over the next two quarters. 
 
E.1(f) Prepare a report: Long-term Quagga Mussel monitoring and research needs for Lakes Mead 
and Mohave (Year 1).  
 
 This is a component of Suggested Standard Methods for Interagency Long-Term Quagga Mussel 
Monitoring in Lake Mead discussed in part E.1 (e) and E.2 (b) above. 
  
E.2(d) Prepare a report: Emerging Quagga Mussel Monitoring and Research Needs for Lakes Mead 
and Mohave not previously identified. 
  
As reported in Year 1, The Agency Core Management Team for Quagga Mussels decided to 
develop three projects that are to be funded outside of this task agreement. They are (1) quagga 
mussel monitoring and (2) impacts to fisheries and (3) a benthic survey. 
  
During Years 2 and 3, Dr. Wong will continue to work with project primary investigators and 
other staff and students to complete the task of developing the report: Emerging Quagga Mussel 
Monitoring and Research Needs for Lakes Mead and Mohave. Projects (1) and (2) are being 
carried out under the direction of Dr. Gerstenberger. 
 
E.2(e) Organize and conduct the second annual meeting of the Quagga Mussel science advisory 
committee. Prepare a report: Recommendations from the committee. 
 
Dr. Gerstenberger continues to assist Mr. Turner in the facilitation of the multi-agency, 
interdisciplinary meetings listed below. Summaries of the Interagency Quagga Mussel meetings 
are documented by Jennell Miller (UNLV), e-mailed to meeting participants, supplied at 
subsequent meetings, and posted to GroveSite. PowerPoint presentations delivered at each of the 
Interagency Quagga Mussel Meetings have been archived at the Public Lands Institute and 
provided on CD to meeting participants upon request.  
 
Meetings took place this quarter as follows: 
 
• 11/17/2008 – Sub-committee meeting for completion of the interagency quagga mussel 
monitoring plan 
• 12/04/2008 – Interagency Quagga Mussel Meeting 
 
 
Attendees of these meetings have represented the Arizona Game and Fish Department; City of 
Henderson; City of Havasu City; Clark County Water Reclamation District; Clean Water 
Coalition; Imperial Irrigation District; Coachella Valley Water District; Lake Las Vegas Resort; 
Las Vegas Valley Water District; Los Angeles Metropolitan Water District; National Park 
Service; Nevada Division of Environmental Protection; San Diego County Water Authority; 
Southern Nevada Water Authority; University of Nevada, Las Vegas; University of Nevada, 
Reno; US Bureau of Reclamation; US Fish and Wildlife Service; and US Geological Survey.  
 
 
Quarterly Progress Report • J8R07070010 • Quarter 2/Year 2      5 
Public Lands Institute  y  University of Nevada Las Vegas 
 
Other accomplishments related to Project 3 
 
The following professional presentations co-authored by Drs. Gerstenberger and Wong are in 
preparation for the Lake Mead Science Symposium, January 13-14, 2009, Las Vegas, NV: 
 
• Baldwin, W.; Mueting, S.; Gerstenberger, S; and Wong, D. Growth and Recruitment of 
Quagga Mussels (Dreissena bugensis) in Lake Mead 
 
• Gerstenberger, S.; Turner, K.; and Wong, D. Interagency Response to Quagga Mussel 
Invasion at Lake Mead: Detection, Prevention, Control, and Monitoring. 
 
• Loomis, E.; Wong, D.; Gerstenberger, S. Threadfin Shad and Invasive Quagga Mussels 
in Lake Mead, Nevada. 
 
• Moore, B.; Gerstenberger, S.; and Wong, D. Quagga Mussel Invasion into Lakes Mead 
and Mohave in 2007: Abundance, Distribution, and Size Frequency 
 
• Mueting, S.; Gerstenberger, S.; Wong, D.; Baldwin, W.; Urban, M. The Development of 
a Suitable Substrate Sampling Device for Monitoring Quagga Mussels (Dreissena 
bugensis) in Lake Mead, Nevada. 
 
• Wong, D.; Tietjen, T.; Gerstenberger, S.; Mueting, S.; and Loomis, E. Potential 
Ecological Consequences of Invasion of the Quagga Mussel (Dreissena bugensis 
Andrusov 1897) into Lake Mead. 
 
As noted in C.2(a) above, the following presentation was prepared for the Colorado River Basin 
Science and Resource Management Symposium (Scottsdale, AZ), and symposium organizers 
have invited authors to develop the presentation into a manuscript. 
 
• D. Wong and S. Gerstenberger. A Standardized Design for Long-term Quagga Mussel 
Monitoring in Lake Mead. Presented at the Colorado River Basin Science and Resource 
Management Symposium, Scottsdale, AZ.  
 
 
Project 4 Strategic Data Mining for Lake Mead 
We continue to track Project 4’s Year 1 activities as they are completed.  
 
F.1(c) Create a prioritized list with the Water 2025 Science Team of significant projects whose data 
are not available electronically (Year 1).  
 
The first project that has been selected for data mining is a Lake Mead benthos study conducted 
in 1986 – 1987. Additional projects have not been identified to date. With the assistance of the 
interagency Water 2025 team, the goal will be to develop a prioritized list of significant projects 
for which data are not available electronically for data-mining efforts in the near future. 
 
  
F.1(d) Prepare, quality assure, document and submit to NPS and other information portals electronic 
data sets for the above top priority projects (Year 1). 
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 The original field and laboratory data sheets have been obtained for the Lake Mead benthos study 
conducted by the University of Nevada, Las Vegas in 1986-1987. An Access database has been 
developed with data-entry forms to allow students to enter this information into the database.  
During this quarter, the remainder of the information from the field data sheets and the labor-
atory data sheets has been entered into the database.  A metadata record has been prepared for this 
database.  All this information has been sent to Dr. Sudeep Chandra (University of Nevada, Reno) 
for his review.  We have requested his input regarding the preparation of some standardized 
queries that might be added to the database to assist researchers. 
 
 
F.2(a) Complete data mining projects from the prioritized list. Prepare, quality assure, document and 
submit to NPS and other information portals electronic data sets for the above top priority 
projects. 
 
 On-going. 
 
Other accomplishments related to Project 4 
 
During this quarter, Gretchen Andrew (UNLV), working under the direction of Jim Pollard 
(UNLV), continued the literature search to locate additional data sources for including in the 
previously reported database [task F.1(b)], particularly lesser known and/or less readily available 
sources as well as research currently in progress. It is anticipated that the literature search will be 
completed in the upcoming quarter and all tasks completed by the final quarter of Year Two of 
the project. In addition, Ms. Andrew worked towards completing missing metadata for existing 
entries, often utilizing Document Delivery Services at UNLV Library to search for and borrow 
forms of literature not readily available or difficult to locate.   
Other activities performed during the quarter included user interface design improvements to 
guide the user in performing data entry and management tasks, conducting searches, and 
customizing reports. Initial quality assurance and query testing commenced for both content and 
performance of the database. The first quality assurance task performed involved reviewing the 
entries in the database to ensure their relevance to the project’s purpose. It was determined that 
many entries initially located focused on topic areas unrelated to those later identified as topics to 
focus on (e.g., water quality, limnology, contaminants, fisheries/aquatic biota, riparian/shoreline 
resources, etc.).  For example, many entries included studies conducted within the Lake Mead 
National Park, but did not relate to the lake itself nor address the topics of interest. The most 
extraneous of these entries were removed from the database, numbering approximately 500 
entries. 
During the upcoming quarter, the literature search will be completed and additional missing 
metadata searched for and entered. Quality assurance and query testing will continue in 
preparation for the second release of the database to the team for review and feedback.  
The following poster presentation co-authored by Mr. Pollard and Ms. Andrew are in preparation 
for the Lake Mead Science Symposium, January 13-14, 2009, Las Vegas, NV: 
 
• Pollard, J. and Andrew, G. Strategic Data Mining and Database Development for 
Research Projects at Lake Mead, Nevada-Arizona USA 
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Project 5 Lake Mead Science Symposium 
 
G.2(a) Develop schedule of meeting sessions and speakers. Develop and print conference program 
and post to Web site. 
  
 Invited and confirmed keynote speakers are James F. LaBounty, Ph.D. (Southern Nevada Water 
Authority); Terrance Fulp, Ph.D.(U.S. Bureau of Reclamation); and Alan O’Neill (Outside Las 
Vegas Foundation). Special remarks are scheduled to be made by Ronald Smith, Ph.D. (UNLV); 
Kimball E. Goddard (U.S. Geological Survey); and Tom Porta (Nevada Division of 
Environmental Protection). Unfortunately, Dr. LaBounty passed away in December. A memorial 
statement will be incorporated into the schedule and G. Chris Holdren of the U.S. Bureau of 
Reclamation has agreed to provide a keynote address in his honor. 
 
 The deadline for abstract submission was 10/14/2008. Abstracts for 44 oral presentations and 13 
posters were accepted. The final schedule was established by Jennell M. Miller (UNLV) in 
collaboration with Mr. Turner (ATR) and session chairs. The schedule for the Lake Mead Science 
Symposium is available on the symposium’s web site (www.lakemeadsciencesymposium.org).  
   
 The printed program will be developed over the next two weeks. 
  
 
G.2(b) Conduct symposium, facilitated by university personnel in collaboration with agency. 
  
 The open symposium sessions are scheduled to take place January 13-14, 2009 with a meeting of 
the technical chairs on January 15. Planning by Drs. Miller, Palmer, Rees, and Ms. Rochelle 
Boyd (UNLV) are taking place in collaboration with Mr. Turner. Session chairs and attendees of 
the Interagency Water 2025 and Interagency Quagga Mussel Meetings are kept informed and 
have been invited to provide planning input, which has been considered and incorporated where 
possible. 
 
G.2(c) Prepare, publish, and distribute symposium proceedings to participants and agency and 
university libraries. 
 
 Arrangements have been made to publish selected papers within a special issue of Lake and 
Reservoir Management. Note that manuscripts must undergo the journal’s standard selection and 
peer review process. 
 
Other accomplishments related to Project 5 
 
 The symposium Web site provides information and links in the following categories registration, 
abstract submission, program, details (logistics), partners, and contact information. A call for 
sponsors and a request for exhibitors were also provided. Between the dates 9/15/2008 and 12/ 
15/2008, the Web site has received approximately 41,000 hits and 6,000 requests for pages within 
the site.  
 
In response to UNLV’s request for sponsorships, the following entities have provided the 
following donations.  
• Southern Nevada Water Authority ($7,500) 
• Forever Resorts ($2,000) 
• Outside Las Vegas Foundation (fundraising support) 
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The following exhibitors have been recruited: 
• Hach Environmental 
• In-Situ, Inc. 
• VWR International 
 
In addition, the Southern Nevada Water Authority will provide an exhibit booth. A “Careers 
Information Table” for students has been designed, and agencies who have agreed to participate 
in it are the Southern Nevada Water Authority, U.S. Geological Survey, and the National Park 
Service. 
 
 
Project 6 Ecological Monitoring Plan for Lakes Mead and Mohave 
 
H.2(a) Assist other committees (SCOP BBAMP, Water 2025, Quagga Mussel) with the development of 
their monitoring plans. 
  
 This activity is ongoing. 
 
 
H.2(b) Synthesize background information, including information collected from this project (data 
mining and science symposium. 
  
 This activity will commence following the symposium; a questionnaire is being designed to 
facilitate input, by symposium participants, of information relevant to existing or needed 
monitoring activities at Lakes Mead and Mohave. 
 
 
H.2(c) Complete chapters according to schedule. 
 
 This activity will commence following the symposium. 
 
 
Other accomplishments related to Project 6 
 
Interagency Water 2025 Meetings 
Drs. Palmer, Miller, and Gerstenberger have assisted Mr. Turner in the facilitation of the 
meetings listed below. Documented by Dr. Miller, summaries of these meetings have been e-
mailed to meeting participants and posted to GroveSite (as previously reported) unless otherwise 
noted. PowerPoint presentations provided at the meetings have been archived at the Public Lands 
Institute and provided on CD to members upon request.  
 
• 10/15/2008 – Interagency Water 2025 Meeting 
• 12/10/2008 – Interagency Water 2025 Meeting 
 
Attendees of these multi-agency meetings have represented the Clean Water Coalition; Desert 
Research Institute, National Park Service; Southern Nevada Water Authority; University of 
Nevada, Las Vegas; University of Nevada, Reno; US Bureau of Reclamation; US Fish and 
Wildlife Service; and US Geological Survey.  
 
 
Quarterly Progress Report • J8R07070010 • Quarter 2/Year 2      9 
Public Lands Institute  y  University of Nevada Las Vegas 
 
Submitted by: 
 
 
     01/01/2009  
 Margaret N. Rees, Project Administrator       Date
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EXECUTIVE SUMMARY 
 
The Lake Mead National Recreation Area incorporates 1.5 million acres, including Lake Mead 
and Lake Mohave.  The abundance of recreational activities on these lakes can impact the 
contaminant levels in the water, potentially affecting the health of individuals in contact with the 
water.  The purpose of this study was to monitor the distribution and concentration of fecal 
indicator bacteria during peak months in high-use areas of Lakes Mead and Mohave.     
 
Surface water samples were collected at nine sites between May and September, from 2003 to 
2007.  Culture analysis was performed to determine the concentration of fecal coliforms, 
Enterococcus, fecal Streptococcus, and Escherichia coli.  Test results of 324 water samples 
analyzed for E. coli showed only one instance of a concentration higher than the acceptable limit.  
Enterococci concentrations above the acceptable limit were found in 13% of the 165 samples.  In 
addition, 9% of 317 samples exceeded the acceptable limit for fecal Streptococcus, and fecal 
coliforms were present in concentrations above the acceptable limit in 3% of the 324 samples 
analyzed.  Throughout the five year study, three sites, Middle Point Cove, Boxcar Cove and 6-
Mile Cove, were identified as those with the highest frequency of unacceptable levels of the 
indicator microorganisms monitored. 
 
Because these samples were collected in the summer months when the lake is in high-use, it is 
possible that visitors introduced microorganisms into the water and shoreline.  However, the 
maximum numbers of boats, visitors, and vehicles recorded at the exceedance sites varied 
significantly.  While external sources responsible for the high concentrations of bacteria were not 
identified, many factors can influence the type and concentration of bacterial indicators present 
in the water.  In addition, stormwater runoff, fecal wastes from pleasure craft, and domestic and 
wild animal manure can also introduce microorganisms to the lake water. 
 
Recent research has demonstrated that significantly higher levels of indicator bacteria were 
found near the sediments than in surface water samples, and that these bacteria can be 
reintroduced to the water column when beach sand and sediment are disturbed.  For recreational 
waters, EPA now recommends E. coli and enterococci as the preferred indicators of health risk 
from water contact.  Because the choice of indicator bacteria monitored and the sampling depth 
can affect the perception of microbial water quality of a lake, it is recommended that future work 
includes monitoring of  E. coli and enterococci at multiple depths, and implementation of 
molecular methods for water sample analysis.  It is also recommended that an education 
campaign be employed in the Lake Mead National Recreation Area, to educate the public on the 
hazards of purposeful introduction of fecal waste into the lake and shoreline.  The results of this 
study can be used in the future to improve management of the Lake Mead National Recreation 
Area and protect public health. 
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INTRODUCTION 
 
Microbiological monitoring of surface waters is of interest to public health officials, because 
elevated levels of bacteria are often associated with high levels of human pathogenic 
microorganisms (U.S. EPA, 1986).  In order to protect human health, the Environmental 
Protection Agency and other agencies have established bacterial criteria or standards for 
recreational waters.   
 
Created when the Hoover Dam was constructed on the Colorado River, the Lake Mead National 
Recreation Area incorporates 1.5 million acres, including Lake Mead and Lake Mohave.  Lake 
Mead, located approximately 30 miles from Las Vegas, is the larger of the two lakes, covering 
approximately 247 square miles with 550 miles of shoreline.  Lake Mead attracts nearly eight 
million visitors annually, who enjoy the many recreational activities, the historical and cultural 
resources, and the ecological and geological diversity (National Park Service, U.S. Department 
of the Interior).  In addition to its recreational importance, Lake Mead also supplies water and 
electricity to Nevada, California, and Arizona. 
 
The abundance of activities on Lake Mead and Lake Mohave can have an impact on the levels of 
lake water contaminants, which in turn can affect the health of individuals who come in contact 
with the water.  Runoff from the surrounding landscape and treated wastewater from Las Vegas 
are also sources of possible contamination.  While wastewater treated at the Las Vegas Water 
Treatment Facility is returned to Lake Mead, strict guidelines are in place to ensure that 
biological, organic and chemical levels meet the established criteria before being returned to the 
lake (Nevada Department of Environmental Protection).   
 
Due to low rainfall amounts and insufficient winter snows, the Colorado River and its reservoirs 
have not been able to recharge.  Currently, Nevada is in the middle of a sustained drought, and 
the water levels in Lake Mead have dropped 89 feet since the year 2000 (Bureau of Reclamation, 
U.S. Department of the Interior).  In addition, the growth of the Las Vegas Valley has increased 
the demand for water, further depleting this vital resource.  With water levels becoming lower 
each year, organics and chemicals can become more concentrated at the point of entry into Lake 
Mead.  One of the concerns when water levels drop is the concentration of chemical constituents 
that can affect the chemistry, temperature, and pH of the aquatic environment.  This in turn may 
influence the microbiology of this environment.  These issues make it imperative to monitor the 
water quality of Lake Mead and Lake Mohave on a continual basis.  Therefore, a collaboration 
between the U.S. Geological Survey, the Bureau of Reclamation, the Southern Nevada Water 
Authority, the U.S. Fish and Wildlife Service, the Nevada Department of Wildlife, and the 
National Park Service was established to monitor Lake Mead and Lake Mohave. 
 
The objectives of this study were to monitor the distribution and concentration of indicator 
bacteria in Lakes Mead and Mohave over the period of July 2003 to September 2007.  Work 
conducted through Task Agreement H8R07060001 was a component of three Southern Nevada 
Public Lands Management Act (SNPLMA) Conservation Initiative Projects under the title of 
“Meeting the Challenge of the Water 2025 Initiative”. 
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MATERIALS AND METHODS 
 
Based on summer recreational activities in Lake Mead and Lake Mohave, nine high-use areas for 
boaters and/or beach bathers were selected for sampling.  Seven locations were sampled in Lake 
Mead, and consisted of Boulder Beach, Hemenway, Sandy Cove, James Bay, Middle Point 
Cove, Tea Kettle Cove, and Boxcar Cove (Fig. 1).  The two locations sampled in Lake Mohave 
were 6-Mile Cove and Telephone Cove/Katherine Cove swim beach.  Descriptions of these sites 
are shown in Table 1.  Photographs of each location are shown in Appendix A. 
Study Sites 
 
Samples were collected between 2003 and 2007 in the summer high-use months between mid-
May and mid-September.  Weather permitting, samples were collected at each site twice per 
month.  In 2003, only sites at Lake Mead were sampled.  Towards the latter part of the study, 
Lake Mead and Lake Mohave were sampled separately on alternating Mondays, to accomplish 
the twice per month sampling frequency.  In order to maximize the likelihood of detecting 
conditions of exceedance following a “high-use event”, samples were collected following a 
holiday on both lakes. 
Sampling Time and Frequency 
 
Surface water sampling was performed at a distance of approximately 20-30 ft from the 
shoreline, and at a depth of 0.5 m below the surface.  Samples were collected in a sterile 500 ml 
plastic sample bottle (Microbiology Laboratory,  Southern Nevada Water Authority, Henderson, 
NV).  Collection was done by hand from the side of a boat, with the aid of a sampling pole if 
necessary (Fig. 2).  The collection bottle was held near the base with one hand, while the other 
hand removed the cap.  The bottle was quickly submerged into the water with the mouth of the 
container facing downward, avoiding contact with surface debris.  The mouth of the bottle was 
then tilted upward into the current and allowed to fill.  If there was no current, the collection 
bottle was moved through the water in a continuous fashion.  The bottle was capped, and labeled 
and transported as indicated below.  Physical data including water and air temperature were 
measured in situ for all years of the study.  Water temperature was collected with a Cole Palmer 
AquaCal Professional Floating Digital Thermometer (Catalina Technologies, Inc., Tucson, AZ) 
or a YSI 600XLM sonde (YSI Incorporated, Yellow Springs, OH), and air temperature was 
collected using a Kestrel 2000 meter (KestrelMeters.com, Sylvan Lake, MI).  In addition, the 
numbers of boats, visitors, and vehicles present during sample collection were noted. 
Sample Collection 
 
Sample bottles were labeled with the location, time, date, name of sample collector, and type of 
analysis requested.  A chain of custody form was used to document the transfer of samples to the 
testing laboratory.  Samples were maintained at 4ºC (+/- 2ºC) and delivered to the testing 
laboratory within 6 hours of sample collection, following guidelines indicating that sample 
analysis should occur within 8 hours of sample collection (American Public Health Association, 
1995).  Chain of custody forms included sampling information and sample identification 
numbers assigned upon sample delivery.  Illustrations of the labels and chain of custody forms 
used are shown in Appendix B.  
Sample Labeling and Transport 
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Surface water samples were analyzed for culturable fecal coliforms, Enterococcus, fecal 
Streptococcus, and Escherichia coli at the Microbiology Laboratory of the Southern Nevada 
Water Authority (SNWA), a laboratory certified by the Nevada Division of Environmental 
Protection.  Enterococci and E. coli culturable counts were determined following standard 
membrane filtration techniques using membrane-Enterococcus Indoxyl-β-D-Glucoside agar 
(U.S. EPA Method 1600) and Modified membrane-Thermotolerant Escherichia coli agar (U.S. 
EPA Method 1603), respectively.  Fecal coliforms and fecal Streptococcus culturable counts 
were determined following standard membrane filtration techniques using an enriched lactose 
medium, M-FC (APHA Standard Method 9222D; APHA, 2005b) and mE agar for enterococci 
(APHA Standard Method 9230C; APHA, 2005c), respectively.  Data were calculated as colony 
forming units (CFU) per 100 ml of lake water. 
Microbiological Analysis 
 
RESULTS 
 
Bacterial monitoring was conducted in nine high-use areas of Lake Mead and Lake Mohave 
between 2003 and 2007.  Surface water samples were collected during active use months (i.e., 
May to September), and analyzed for the presence of selected indicator bacteria.  Samples 
collected between 2003 and 2005 were analyzed for the presence of E. coli, fecal coliforms, and 
fecal streptococci.  Starting in 2006, enterococci were also monitored, for a total of four indicator 
microorganisms. 
 
Observations noted regarding the number of visitors from 2003 to 2007 are shown in Table 2.  
The maximum number of visitors observed at any given location ranged between 38 and 65.  The 
numbers of boats and vehicles were also noted on sample collection days.  The maximum 
numbers of boats and vehicles observed at any given location were 16 and 24, respectively.  Air 
and water temperature were recorded at all sampling locations (Table 2).  Water temperature 
throughout the study ranged between 19.1 and 32.1°C.  The minimum air temperature recorded 
was 21.2°C, and the maximum was 47.8°C.  All temperature measurements and visitor 
parameters recorded are included in Appendix C, Physical Data Tables. 
 
The data for each site are presented as the concentration of target microorganisms expressed as 
colony forming units (CFU) per 100 ml of lake water for each date of sample collection (Figs. 3 - 
11).  Because the median concentration detected for each target microorganism varied widely, 
the y-axis scales were adjusted accordingly.  Therefore, all the enterococci graphs (panel A) have 
an upper limit on the y-axis scale of 400 CFU/100 ml, E. coli graphs (panel B) have an upper 
limit of 200 CFU, fecal coliform graphs (panel C) have an upper limit of 400 CFU, and fecal 
streptococci graphs (panel D) have an upper limit of 800 CFU. 
 
Based on the sample analysis methods used, the lower detection limit (LDL) for the target 
organisms typically ranged between <1 and <10 CFU/100 ml.  Negative samples collected in 
2007 were shown using the LDL.  Prior to 2007, no LDLs were reported; therefore, negative 
samples collected between 2003 and 2006 were shown as zero.  All microbiological data are 
presented in Appendix D, Microbiological Data Tables.  Table 3 illustrates the recommended 
freshwater quality criteria for the four indicator bacteria monitored in this study. 
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Boulder Beach
 
 (Fig. 3) - The concentration of enterococci in surface waters at this location 
ranged between <1 and 628 CFU/100 ml, and exceeded the recommended water quality criteria 
of 62 CFU/100 ml on two occasions (in June 27, 2006 and August 6, 2007) (Fig. 3A and 
Appendix Table D-1).  Monitoring for E. coli and fecal coliforms showed a range of <1-36 and 
0-87 CFU/100 ml, respectively.  Neither microorganism exceeded the acceptable limits.  Fecal 
streptococci concentrations ranged between <1 and 800 CFU/100 ml, with the acceptable limit of 
≤200 CFU/100 ml exceeded five different times.  Two of these times coincided with the two 
instances of enterococci above the recommended value.  The other three instances were on July 
22 and September 2, 2003, and on July 18, 2005 (Fig. 3D and Appendix Table D-1).  In the five 
instances when any of the indicator bacteria surpassed the recommended criteria, the maximum 
numbers of boats, visitors, and vehicles in Boulder Beach were 0, 10, and 4, respectively 
(Appendix C). 
Hemenway
 
 (Fig. 4) - The concentration of indicator bacteria remained within the acceptable 
limits throughout the study with two exceptions.  Enterococci and fecal streptococci were above 
the recommended values on June 27, 2006 and July 18, 2005, respectively (Figs. 4A and 4D, and 
Appendix Table D-2).  In these two instances, the maximum numbers of boats, visitors, and 
vehicles in Hemenway were 0, 10, and 4, respectively (Appendix C). 
Sandy Cove
 
 (Fig. 5) - On three separate instances the concentration of indicator bacteria 
surpassed the acceptable limits for enterococci (June 27 and July 5, 2006) and for fecal 
streptococci (June 27, 2005) (Figs. 5A and 5D, and Appendix Table D-3).  In these instances, the 
maximum numbers of boats and visitors in Sandy Cove were 12 and 56, respectively.  The 
number of vehicles on these dates was not determined (Appendix C). 
James Bay
 
 (Fig. 6) - The concentration of indicator bacteria surpassed the acceptable limits for 
enterococci and for fecal streptococci on the same date, August 15, 2006.  Fecal streptococci 
were also above the recommended concentration once on September 2, 2003 and in August 1, 
2005 (Figs. 6A and 6D, and Appendix Table D-4).  During these events, the maximum numbers 
of boats and visitors in James Bay were 6 and 25, respectively.  The number of vehicles on these 
dates was either zero or not determined (Appendix C). 
Middle Point Cove
 
 (Fig. 7) - Once in 2003 (September 2), once in 2005 (May 31), twice in 2006 
(June 27 and September 5), and once in 2007 (July 23), the concentration of indicator bacteria 
surpassed the acceptable limits for enterococci, fecal coliforms, and fecal streptococci (Figs. 7A, 
7C and 7D, and Appendix Table D-5).  In these instances, the maximum numbers of boats and 
visitors in Middle Point Cove were 9 and 16, respectively.  The number of vehicles on these 
dates was either zero or not determined (Appendix C). 
Tea Kettle Cove
 
 (Fig. 8) - Fecal streptococci were the only indicator bacteria with concentrations 
above the recommended criteria for freshwater.  These concentrations were recorded once each 
on September 2, 2003; June 14, 2004; and July 5, 2005 (Fig. 8D, and Appendix Table D-6).  
During these events, the maximum numbers of boats and visitors in Tea Kettle Cove were 1 and 
3, respectively.  The number of vehicles on these dates was either zero or not determined 
(Appendix C). 
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Boxcar Cove
 
 (Fig. 9) - The concentration of indicator bacteria surpassed the acceptable limits for 
both enterococci and fecal streptococci on four different dates (i.e., June 27, 2006, and on June 
11, July 9, and August 6, 2007).  Fecal streptococci or enterococci were also above the 
recommended concentration on June 27 and July 5, 2005, and on July 23, 2007 (Figs. 9A and 
9D, and Appendix Table D-7).  In these instances, the maximum numbers of boats, visitors, and 
vehicles in Boxcar Cove remained low at 2, 4, and 2, respectively (Appendix C). 
6-Mile Cove
 
 (Fig. 10) - The concentrations of one or more of the indicator bacteria monitored 
were above the recommended limit for freshwater on the following dates:  June 1 and August 16, 
2004; August 29, 2005; June 27, July 5, and September 5, 2006; and July 5 and 30, 2007 (Figs. 
10A-D, and Appendix Table D-8).  In the five instances when any of the indicator bacteria 
surpassed the recommended criteria, the maximum numbers of boats, visitors, and vehicles in 6-
Mile Cove were 5, 35, and 15, respectively (Appendix C). 
Telephone Cove/Katherine Cove swim beach
 
 (Fig. 11) - One or more of the indicator bacteria 
monitored were above the recommended limit for freshwater three times in 2007, July 5 and 30, 
and September 4 (Figs. 11A, 11C, and 11D, and Appendix Table D-9).  During these events, the 
maximum numbers of visitors and vehicles in Katherine Cove were 12 and 9, respectively.  
There were no boats present at this location during sample collection (Appendix C). 
Overall, there were several instances where more than one site had bacterial concentrations 
above the recommended criteria on the same date.  A water quality exceedance summary for the 
9 sites monitored is shown in Table 4.  In 2003, there was only one such case with 4 locations 
(i.e., Boulder Beach, James Bay, Middle Point Cove, and Tea Kettle Cove) having above-limit 
concentrations over the Labor Day holiday.  Three instances occurred in 2005, with 2 or 3 sites 
involved in June 27, and in July 5 and 18.  The instance where the highest number of sites was 
above the set bacterial limits occurred on June 27, 2006, and involved 6 sites.  Six additional 
events were noted in 2006 and 2007 where two of the sites sampled contained bacteria above the 
recommended values (Table 4). 
 
DISCUSSION 
 
Recreational waters are defined as those including freshwater swimming pools, and naturally 
occurring fresh and marine waters (APHA, 2005a).  Microbiological monitoring of recreational 
waters is required by many health departments.  While the presence of enteric pathogens in these 
waters is of concern, many other microorganisms have been associated with waterborne disease 
outbreaks.  However, it would be impractical to assay for every pathogen present in recreational 
water samples (Toranzos et al., 2007; U.S. EPA, 1997).  The U.S. EPA and other agencies have 
established bacterial criteria or standards for recreational waters; water quality standards for 
Nevada are specified in the Nevada Administrative Code (Nevada Division of Environmental 
Protection, Bureau of Water Quality Planning).  Bacteria often used as fecal indicators of water 
quality include enterococci, Escherichia coli, fecal coliforms, total coliforms, and fecal 
streptococci (U.S. EPA, 1997).  Ideally, recreational water quality indicators should be 
microorganisms for which concentrations in the water can be quantitatively related to health 
hazards.  Specifically, potential hazards resulting from recreational use, where upper body 
orifices are exposed to water (APHA, 2005a).  Routes of exposure to bacteria in the water can be 
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by body contact, ingestion or inhalation.  The American Public Health Association  classifies 
infections or disease associated with recreational water contact in two categories, gastroenteritis 
caused by ingestion of water contaminated with fecal wastes, and other diseases caused by 
microorganisms that are indigenous to the environment.  The latter may cause illnesses which 
include folliculitis or dermatitis, otitis externa, conjunctivitis, granulomas, Pontiac fever, and 
primary amebic meningoencephalitis (APHA, 2005a). 
 
In this study, there were fourteen instances where more than one site at the Lake Mead National 
Recreation Area had bacterial concentrations above the recommended criteria on the same date.  
Six of those instances were directly following a long holiday weekend when numbers of visitors 
were high.  Because the samples are only collected in the summer months when the lake is in 
high-use, it is possible that visitors introduced microorganisms into the water and shoreline.  
However, the maximum numbers of boats, visitors, and vehicles recorded at the exceedance sites 
varied significantly.  While external sources responsible for the high concentrations of bacteria 
were not identified, many factors such as sunlight, temperature, and wind can influence the type 
and concentration of bacterial indicators present in the water (Whitman et al., 2004).  In addition, 
stormwater runoff, fecal wastes from pleasure craft, and domestic and wild animal manure can 
also introduce microorganisms to the lake water (U.S. EPA, 1997; Davis et al., 2005; APHA, 
2005a).  Other potential sources of infectious agents in recreational waters include untreated or 
poorly treated effluents or sludge, drainage from sanitary landfills, sanitary wastes from seaside 
residences, wastewater treatment plants, and on-site septic systems (U.S. EPA, 1997; APHA, 
2005a).  Finally, the source of infectious agents may be the lake water itself (APHA, 2005a; 
Davis et al., 2005). 
 
Of the four bacterial indicator groups monitored in this study, enterococci, fecal coliforms, and 
fecal streptococci were above-limit on 21 (13% of the samples), 10 (3%), and 28 (9%) instances, 
respectively.  On the other hand, only one instance (0.3%) of E. coli exceedance was observed 
between 2003 and 2007.  E. coli, a species of fecal coliform bacteria, is indicative of fecal 
material from humans and other warm-blooded animals.  The U.S. EPA recommends this species 
as the best indicator of health risk from contact in recreational waters.  Although fecal coliforms, 
a subset of the total coliform bacteria, are more fecal-specific in origin, they contain a genus (i.e., 
Klebsiella) with species that are not necessarily of fecal origin.  Fecal coliforms can also 
originate from wastes from other environments such as industrial effluents, surfaces of redwood 
water tanks, biofilms in drinking water systems, and algal mats (Toranzos et al., 2007).  For 
recreational waters, fecal coliforms were the primary bacterial indicator until recently, when E. 
coli and enterococci were recommended as the preferred indicators of health risk from water 
contact.  Enterococci, a subgroup of the fecal streptococci, are distinguished by their ability to 
survive in salt water; and more closely mimic many pathogens, than do the other indicators 
commonly used.  In addition, enterococci are more frequently detected in human fecal waste and 
domestic sewage than the larger fecal streptococcus group (Audicana et al., 1995; U.S. EPA, 
1997).  Therefore, the EPA recommends this group as the best indicator of health risk from 
contact in recreational salt water, and as a useful indicator in freshwater.  Fecal streptococci are 
generally found in the digestive tracts of humans and other warm-blooded animals.  In the past, a 
ratio of fecal coliforms to streptococci was calculated, and used to determine whether the fecal 
contamination was of human or nonhuman origin.  However, this ratio is no longer 
recommended as a reliable measure of contamination (U.S. EPA, 1997). 
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Davis et al. indicate that most bacterial monitoring in lakes is made on surface samples collected 
at a few locations, typically near sites of external loading.  In a study conducted at Canyon Lake, 
California, significantly higher levels of indicator bacteria were found near the sediments than in 
surface water samples (Davis et al., 2005).  Higher levels of bacteria near sediments have been 
associated with settling particulates, increased nutrient availability, protection from sunlight 
inactivation, and reduced predation.  These bacteria can be reintroduced to the water column 
when beach sand and sediment are disturbed (Whitman and Nevers, 2003).   Therefore, the 
choice of indicator bacteria monitored and the sampling depth can affect the perception of 
microbial water quality of a lake. 
 
Because designated swimming beaches are frequently lifeguard protected, provide public access 
and parking, and are heavily used by the public, it is recommended that they be rigorously 
monitored for indicator bacteria to verify the continued safety of the waters for swimming, and to 
identify water quality changes.  Sampling frequency should be related to the intensity of use of 
the body of water.  In areas where weekend use is substantial, weekly samples collected during 
high-use periods are deemed reasonable (U.S. EPA, 1986). 
 
The reduction in Lake Mead’s water levels has forced changes in the recreational services 
offered at the park.  For example, the National Park Service rangers have relocated the Las 
Vegas Bay Marina and the Lake Mead Ferry Service to Hemenway Harbor in order to keep them 
functional (Allen, 2003).  Because the presence of indicator bacteria in fresh water suggests that 
pathogenic microorganisms might also be present, swimming and eating shellfish from these 
waters might be a health risk (U.S. EPA, 1997).  Therefore, monitoring should continue to take 
into account high-use areas during peak months. 
 
Culture and microscopy are typically used for detecting microorganisms in water samples.  
However, the culturability of environmental microorganisms can be affected by environmental 
factors, sampling practices, sample transport, and laboratory culture conditions.  The use of 
culture-based analysis methods underestimates microbial populations due to the enumeration and 
identification of only those organisms that are culturable, while non-culturable organisms go 
undetected.  Culture analysis also requires time for the microorganisms to grow into recognizable 
colonies.  Light microscopy is tedious and lacks identification specificity unless accompanied by 
specialized staining or immunological assays.  Therefore, analyses of water samples for the 
presence of pathogens do not ensure complete safety for the user of recreational waters.  While 
molecular methods have been proposed for water sample analysis, none are yet applicable for 
routine sampling and analysis (Toranzos et al., 2007). 
 
RECOMMENDATIONS 
 
It is recommended that future work should consider monitoring of  E. coli and enterococci at 
multiple depths, and the implementation of molecular methods for water sample analysis.  It is 
also recommended that an education campaign be employed in the Lake Mead National 
Recreation Area, to educate the public on the hazards of purposeful introduction of fecal waste 
into the lake and shoreline.  In conclusion, there is no better way of approaching water quality 
management and analysis than becoming familiar with the body of water under investigation.  
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This knowledge, along with the correct and timely application of suitable analytical techniques, 
allows for early detection of abnormal conditions within the lake or reservoir.  The resulting data 
can be used to improve management and protect public health. 
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Table 1. Sampling locations and descriptions for Lake Mead and Lake Mohave. 
 
Water Body Location Description 
Lake Mead 
Boulder Beach Bathing beach easily accessible by car.  Boating is limited to authorized boats. 
Hemenway Site is located at a marina near the launch ramp and fishing area.  Swimming is not allowed at this location.  
Sandy Cove Popular beach area only accessible by boat. 
James Bay Large cove used by fishermen and houseboats.  Only accessible by boat.  Limited beach access. 
Middle Point Cove 
 Large cove located where the Virgin Basin meets the 
Overton arm.  Only accessible by boat.  Floating 
bathroom is available. 
Tea Kettle Cove A spring runs into the lake at this location.  Only accessible by boat. 
Boxcar Cove 
Used heavily by recreational vehicles (RV) campers.  
Accessible by boats and vehicles.  This site is near the 
Las Vegas Wash. 
Lake Mohave 
6-Mile Cove Used heavily by campers.  Accessible by boats and vehicles. 
Telephone 
Cove/Katherine Cove 
swim beach 
Accessible by car.  Excludes boaters.  This site is near 
a boat launch area. 
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Table 2.  Water and air temperature data measured in Lakes Mead and Mohave from 2003 to 
2007.  The maximum numbers of boats, visitors, and vehicles observed during sample collection 
in these same years are shown (Min = minimum; Max = maximum; Temp. = temperature). 
 
 
Year 
Air Temp. (ºC) Water Temp. (ºC) Maximum 
Number of 
Boats 
Maximum 
Number of 
Visitors 
Maximum 
Number of 
Vehicles Min Max Min Max 
2003 32.2 47.8 26.6 32.1 8 38 4 
2004 26.8 41.3 21.6 31.4 16 65 24 
2005 26.9 38.0 20.9 31.8 13 50 6 
2006 21.2 39.6 20.4 29.8 12 56 8 
2007 25.7 43.3 19.1 30.5 10 43 19 
 
 
 
 
 
Table 3.  Criteria for bacterial density in recreational waters for the four indicator bacteria 
monitored in this study (CFU = colony forming units). 
 
 
Indicator Bacteria Recommended Limit  (CFU/100 ml) Reference 
Enterococci 62a U.S. EPA, 1986 and 2002 
Escherichia coli 235a U.S. EPA, 1986 and 2002 
Fecal coliforms 200 U.S. EPA, 1986 and 2002 
Fecal streptococci 200b U.S. EPA, 1997 
a  single sample 
b  standards are not available because the enterococci have replaced fecal streptococci for that specific 
test; value was assigned based on the fecal coliforms recommended limit 
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Table 4.  Water quality exceedance summary for the 9 sites monitored in Lakes Mead and Mohave between 2003 and 2007.  The “X” 
designates that one or more of the indicator bacteria exceeded the recommended limits for freshwater recreational waters. 
 
 
Location Date 9/2/03 6/27/05 7/5/05 7/18/05 6/27/06 7/5/06 9/5/06 7/5/07 7/23/07 7/30/07 8/6/07 
Boulder Beach X   X X        X 
Hemenway      X X         
Sandy Cove   X   X X       
James Bay X               
Middle Point Cove X   X  X   X  X   
Tea Kettle Cove X   X            
Boxcar Cove   X X  X      X  X 
6-Mile Cove      X X X X  X  
Katherine Cove          X  X  
Number of sites 
above exceedance 4 2 3 2 6 2 2 2 2 2 2 
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Figure 1.  Map illustrating the locations of sampling sites in Lake Mead and Lake Mohave. 
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 Figure 2.  Photograph illustrating the collection of a surface water sample 
using a collection bottle attached to a sampling pole. 
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Figure 3.  Concentration [colony forming units (CFU)/100 ml] of enterococci (A), Escherichia coli (B), 
fecal coliforms (C), and fecal streptococci (D) in surface water collected from Boulder Beach, Lake Mead 
(* represents concentrations exceeding the upper limit of the scale, with the actual value shown). 
 *628 
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Figure 4.  Concentration [colony forming units (CFU)/100 ml] of enterococci (A), Escherichia coli (B), 
fecal coliforms (C), and fecal streptococci (D) in surface water collected from Hemenway, Lake Mead. 
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Figure 5.  Concentration [colony forming units (CFU)/100 ml] of enterococci (A), Escherichia coli (B), 
fecal coliforms (C), and fecal streptococci (D) in surface water collected from Sandy Cove, Lake Mead (* 
represents concentrations exceeding the upper limit of the scale, with the actual value shown). 
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Figure 6.  Concentration [colony forming units (CFU)/100 ml] of enterococci (A), Escherichia coli (B), 
fecal coliforms (C), and fecal streptococci (D) in surface water collected from James Bay, Lake Mead. 
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Figure 7.  Concentration [colony forming units (CFU)/100 ml] of enterococci (A), Escherichia coli (B), 
fecal coliforms (C), and fecal streptococci (D) in surface water collected from Middle Point Cove, Lake 
Mead (* represents concentrations exceeding the upper limit of the scale, with the actual value shown). 
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Figure 8.  Concentration [colony forming units (CFU)/100 ml] of enterococci (A), Escherichia coli (B), 
fecal coliforms (C), and fecal streptococci (D) in surface water collected from Tea Kettle Cove, Lake 
Mead. 
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Figure 9.  Concentration [colony forming units (CFU)/100 ml] of enterococci (A), Escherichia coli (B), 
fecal coliforms (C), and fecal streptococci (D) in surface water collected from Boxcar Cove, Lake Mead 
(* represents concentrations exceeding the upper limit of the scale, with the actual value shown). 
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Figure 10.  Concentration [colony forming units (CFU)/100 ml] of enterococci (A), Escherichia coli (B), 
fecal coliforms (C), and fecal streptococci (D) in surface water collected from 6-Mile Cove, Lake Mohave 
(* represents concentrations exceeding the upper limit of the scale, with the actual value shown). 
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Figure 11.  Concentration of enterococci (A), Escherichia coli (B), fecal coliforms (C), and fecal 
streptococci (D) in surface water collected from Telephone Cove/Katherine Cove swim beach, Lake 
Mohave (* represents concentrations exceeding the upper limit of the scale, with the actual value shown). 
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APPENDIX A 
 
Photographs of Locations Sampled 
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 Figure A-1.  Boulder Beach. 
 
 
 
 
 Figure A-2.  Hemenway. 
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 Figure A-3.  Sandy Cove. 
 
 
 
 
 Figure A-4.  James Bay. 
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 Figure A-5.  Middle Point Cove. 
 
 
 
 
 Figure A-6.  Tea Kettle Cove. 
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 Figure A-7.  Boxcar Cove. 
 
 
 
 
 Figure A-8.  6-Mile Cove, Lake Mohave. 
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 Figure A-9.  Telephone Cove/Katherine Cove swim beach, Lake Mohave. 
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APPENDIX B 
 
Sample Collection Forms 
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 Figure B-1.  Chain of custody form. 
 
 
 
 
 
 
 
  
 Figure B-2.  Sample identification label for water samples. 
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Physical Data Tables 
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Table C-1.  Water and air temperature data measured in Lake Mead in 2003
 
.  The numbers of boats, visitors, and vehicles observed 
during sample collection are also shown (nd = not determined). 
Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
BOULDER BEACH 
7/22/2003 37.8 31.4 0 0 0 
9/2/2003 33.3 30.6 0 10 4 
9/16/2003 32.8 27.2 0 4 2 
BOXCAR COVE 
7/22/2003 42.0 32.1 0 0 0 
9/2/2003 47.8 31.7 1 3 2 
9/16/2003 nd nd nd nd nd 
HEMENWAY 
7/22/2003 40.0 31.1 0 2 1 
9/2/2003 33.9 30.0 0 1 1 
9/16/2003 32.2 27.8 0 2 1 
JAMES BAY 
7/22/2003 40.0 32.0 1 8 0 
9/2/2003 40.5 31.1 2 3 0 
9/16/2003 45.6 28.3 0 0 0 
MIDDLE POINT COVE 
7/22/2003 36.1 31.9 0 0 0 
9/2/2003 36.7 31.1 2 12 0 
9/16/2003 39.4 27.2 0 0 0 
SANDY COVE 
7/22/2003 45.0 31.5 8 38 0 
9/2/2003 43.3 30.6 3 12 0 
9/16/2003 40.0 28.9 5 21 0 
TEA KETTLE COVE 
7/22/2003 38.3 30.5 0 0 0 
9/2/2003 37.8 30.6 0 0 0 
9/16/2003 40.5 26.6 0 0 0 
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Table C-2.  Water and air temperature data measured in Lakes Mead and Mohave in 2004
 
.  The numbers of boats, visitors, and 
vehicles observed during sample collection are also shown (nd = sample is from a marina; no data were collected for # of boats, 
visitors, or vehicles). 
Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
6-MILE COVE 
6/1/2004 29.2 22.5 2 5 15 
7/6/2004 34.0 27.9 2 9 24 
8/16/2004 34.7 29.6 0 9 3 
BOULDER BEACH 
6/1/2004 27.7 21.6 0 0 0 
6/14/2004 33.3 24.5 0 1 0 
7/6/2004 35.0 25.5 2 8 0 
7/19/2004 33.6 29.0 1 4 1 
8/2/2004 34.1 30.1 0 3 2 
8/16/2004 30.5 28.0 0 3 2 
8/30/2004 29.6 27.7 0 2 1 
9/7/2004 29.0 26.0 0 3 1 
BOXCAR COVE 
6/1/2004 30.5 23.8 1 10 7 
6/14/2004 35.5 28.0 1 6 3 
7/6/2004 40.0 28.0 2 2 1 
7/19/2004 41.3 31.4 2 3 1 
8/2/2004 35.2 29.2 1 11 2 
8/16/2004 31.5 29.0 0 0 0 
8/30/2004 33.1 28.4 0 3 1 
9/7/2004 37.2 26.7 1 2 1 
HEMENWAY 
6/1/2004 34.4 21.6 1 2  
6/14/2004 29.4 23.8 0 2  
7/6/2004 37.7 25.4 2 8  
7/19/2004 33.7 28.3 0 1  
8/2/2004 34.7 29.9 3 18  
8/16/2004 32.0 28.0 0 8  
8/30/2004 29.6 27.5 1 4  
9/7/2004 26.8 25.8 0 1  
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Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
JAMES BAY 
6/1/2004 35.0 23.3 1 4  
6/14/2004 35.0 27.9 1 4  
7/19/2004 38.3 29.8 2 6  
8/16/2004 34.8 30.1 3 5  
8/30/2004 33.2 27.7 0 0  
9/7/2004 36.3 26.5 2 3  
KATHERINE 
TELEPHONE SWIM 
BEACH 
6/1/2004 35.6 24.8 nd nd nd 
7/6/2004 39.5 26.4 nd nd nd 
8/16/2004 38.6 27.2 nd nd nd 
MIDDLE POINT COVE 
6/1/2004 35.0 23.3 0 0  
6/14/2004 34.4 25.8 6 30  
7/19/2004 36.6 31.3 0 0  
8/16/2004 32.7 28.7 8 32  
8/30/2004 31.0 27.6 2 15  
9/7/2004 27.3 26.0 0 0  
SANDY COVE 
6/1/2004 36.1 23.3 11 35  
6/14/2004 34.4 26.9 12 35  
7/6/2004 40.5 27.5 16 65  
7/19/2004 29.4 31.4 3 11  
8/16/2004 33.8 28.6 6 20  
8/30/2004 31.7 28.0 6 18  
9/7/2004 40.9 28.0 4 15  
TEA KETTLE COVE 
6/1/2004 33.3 23.3 0 0  
6/14/2004 32.2 25.5 1 3  
7/19/2004 35.3 30.0 0 0  
8/16/2004 33.0 29.6 0 0  
8/30/2004 31.2 27.0 0 0  
9/7/2004 29.6 25.3 0 0  
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Table C-3.  Water and air temperature data measured in Lakes Mead and Mohave in 2005
 
.  The numbers of boats, visitors, and 
vehicles observed during sample collection are also shown (nd = sample is from a marina; no data were collected for # of boats, 
visitors, or vehicles). 
Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
6-MILE COVE 
5/31/2005 33.0 24.2 1 16 6 
6/29/2005 29.7 25.3 0 8 3 
7/5/2005 30.5 26.4 0 18 5 
7/5/2005 30.5 26.4 0 18 5 
7/18/2005 35.9 29.0 1 4 1 
8/29/2005 32.7 29.5 2 10 4 
9/6/2005 27.7 28.3 0 5 2 
BOULDER BEACH 
5/23/2005 26.9 23.5 0 1 0 
5/31/2005 29.0 23.3 0 2 1 
6/13/2005 28.0 23.5 0 0 0 
6/27/2005 31.0 23.5 0 2 1 
7/5/2005 28.0 25.4 0 7 2 
7/5/2005 28.0 25.4 0 7 2 
7/18/2005 37.0 29.0 0 7 3 
8/1/2005 33.5 29.0 0 1 2 
8/29/2005 31.8 29.2 0 1 1 
9/6/2005 28.0 28.3 0 1 1 
BOXCAR COVE 
5/23/2005 34.9 26.9 0 0  
5/31/2005 28.0 25.1 0 2 1 
6/13/2005 31.7 26.4 0 0 0 
6/27/2005 32.7 26.2 1 4 1 
7/5/2005 32.0 28.0 2 3 1 
7/5/2005 32.0 28.0 2 3 1 
7/18/2005 37.0 31.8 0 2 1 
8/1/2005 35.5 31.2 0 0 0 
8/29/2005 32.0 30.2 0 0 0 
9/6/2005 30.2 28.6 0 6 4 
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Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
HEMENWAY 
5/23/2005 28.8 22.7 0 8  
5/31/2005 28.0 23.0 2 6  
6/13/2005 28.1 23.6 0 3  
6/27/2005 31.0 24.0 2 4  
7/5/2005 28.0 25.5 1 1  
7/5/2005 33.0 27.6 0 0  
7/18/2005 38.0 29.2 0 10  
8/1/2005 34.0 28.8 2 3  
8/29/2005 31.8 29.2 2 6  
9/6/2005 28.8 27.5 2 4  
JAMES BAY 
5/23/2005 32.5 24.5 1 4  
5/31/2005 29.5 24.2 0 0  
6/13/2005 37.1 24.3 0 0  
6/27/2005 34.0 26.5 1 4  
7/5/2005 33.0 27.6 0 0  
7/5/2005 33.0 27.6 0 0  
7/18/2005 36.0 30.5 1 7  
8/1/2005 36.0 30.6 6 25  
8/29/2005 33.0 29.7 1 3  
9/6/2005 29.5 28.5 0 0  
KATHERINE 
TELEPHONE SWIM 
BEACH 
5/31/2005 29.0 20.9 nd nd nd 
6/29/2005 31.7 23.4 nd nd nd 
7/5/2005 32.7 25.2 nd nd nd 
7/5/2005 32.7 25.2 nd nd nd 
7/18/2005 35.8 28.2 nd nd nd 
8/29/2005 35.4 29.0 nd nd nd 
9/6/2005 28.7 27.0 nd nd nd 
MIDDLE POINT COVE 
5/23/2005 31.9 24.4 0 0  
5/31/2005 28.2 24.3 6 16  
6/13/2005 29.1 24.4 2 12  
6/27/2005 32.0 25.3 0 0  
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Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
MIDDLE POINT COVE 
7/5/2005 31.0 27.1 2 12  
7/5/2005 31.0 27.1 2 12  
7/18/2005 37.0 29.6 1 5  
8/1/2005 35.0 30.6 0 0  
8/29/2005 32.0 29.6 1 1  
9/6/2005 29.2 28.1 0 0  
SANDY COVE 
5/23/2005 31.7 24.5 8 32  
5/31/2005 31.5 24.7 6 16  
6/13/2005 34.2 24.3 2 10  
6/27/2005 35.0 26.4 6 30  
7/5/2005 30.0 27.5 9 45  
7/5/2005 30.0 27.5 9 45  
7/18/2005 38.0 30.7 13 50  
8/1/2005 36.0 30.2 7 26  
8/29/2005 30.8 30.0 5 25  
9/6/2005 29.0 28.9 3 18  
TEA KETTLE COVE 
5/23/2005 32.2 24.7 0 0  
5/31/2005 27.5 23.6 0 0  
6/13/2005 31.3 23.9 0 0  
6/27/2005 34.3 23.3 0 0  
7/5/2005 29.5 26.8 0 0  
7/5/2005 29.5 26.8 0 0  
7/18/2005 37.0 30.0 0 0  
8/1/2005 34.0 30.0 0 0  
8/29/2005 31.0 30.0 0 0  
9/6/2005 29.0 28.0 0 0  
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Table C-4.  Water and air temperature data measured in Lakes Mead and Mohave in 2006
 
.  The numbers of boats, visitors, and 
vehicles observed during sample collection are also shown (nd = sample is from a marina; no data were collected for # of boats, 
visitors, or vehicles). 
Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
6-MILE COVE 
5/15/2006 30.6 23.3 1 7 3 
5/30/2006 29.1 21.8 0 5 2 
6/27/2006 33.3 27.1 4 25 8 
7/5/2006 29.5 26.6 4 13 6 
7/19/2006 35.7 29.5 1 3 2 
8/1/2006 31.6 27.8 0 6 3 
9/5/2006 34.3 29.0 0 12 4 
9/19/2006 21.2 22.1 0 7 5 
BOULDER BEACH 
5/15/2006 25.5 23.5 0 1 1 
5/30/2006 24.3 21.5 0 0 0 
6/27/2006 33.0 25.8 0 0 0 
7/5/2006 28.2 27.4 0 0 0 
7/18/2006 29.4 28.2 0 0 0 
8/15/2006 32.7 27.2 0 6 3 
9/5/2006 30.0 27.6 0 6 4 
9/19/2006 23.0 24.7 0 0 0 
BOXCAR COVE 
5/15/2006 31.5 25.5 0 2 1 
5/30/2006 26.0 22.8 4 16 2 
6/27/2006 33.0 28.4 0 0 0 
7/5/2006 31.2 28.0 0 0 0 
7/18/2006 32.7 29.5 0 0  
8/15/2006 34.9 29.2 1 8 2 
9/5/2006 32.0  0 5 1 
9/19/2006 26.0 25.3 2 5 1 
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Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
HEMENWAY 
5/15/2006 27.5 23.1 1 2  
5/30/2006 25.0 21.4 2 3  
6/27/2006 33.0 25.1 0 8 4 
7/5/2006 28.2 27.2 2 4  
7/18/2006 29.8 28.3 1 2 2 
8/15/2006 33.5 27.2 0 1  
9/5/2006 31.0 27.4 1 2  
9/19/2006 22.0 24.5 0 0  
JAMES BAY 
5/15/2006 30.0 23.8 0 0  
5/30/2006 27.0 23.0 0 0  
6/27/2006 33.0 29.0 0 0  
7/5/2006 31.0 28.0 0 0  
7/18/2006 31.6 29.8 0 0  
8/15/2006 37.5 28.6 0 0  
9/5/2006 33.0 29.2 1 1  
9/19/2006 25.5 24.6 1 2  
KATHERINE 
TELEPHONE SWIM 
BEACH 
5/15/2006 31.5 22.4 nd nd nd 
5/30/2006 29.2 20.4 nd nd nd 
6/27/2006 35.5 28.4 nd nd nd 
7/5/2006 30.2 27.3 nd nd nd 
7/19/2006 36.2 28.8 nd nd nd 
8/1/2006 30.9 24.9 nd nd nd 
9/5/2006 33.1 28.4 nd nd nd 
9/19/2006 23.9 22.3 nd nd nd 
MIDDLE POINT COVE 
5/15/2006 31.5 22.3 0 0  
5/30/2006 24.5 22.2 0 0  
6/27/2006 33.0 27.7 9 12  
7/5/2006 31.0 28.4 0 0  
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Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
MIDDLE POINT COVE 
7/18/2006 30.9 29.0 0 0  
8/15/2006 34.8 28.6 3 9  
9/5/2006 30.0 28.6 0 0  
9/19/2006 22.0 24.5 0 0  
SANDY COVE 
5/15/2006 28.0 23.4 1 2 3 
5/30/2006 27.5 23.0 2 4  
6/27/2006 35.5 28.6 8 16  
7/5/2006 31.2 27.6 12 56  
7/18/2006 32.0 29.4 0 0  
8/15/2006 39.6 29.2 7 17  
9/5/2006 31.0 29.0 6 8  
9/19/2006 24.0 25.2 1 1  
TEA KETTLE COVE 
5/15/2006 30.0 24.0 0 0  
5/30/2006 25.5 22.4 0 0  
6/27/2006 32.0 24.7 0 0  
7/5/2006 29.0 28.4 0 0  
7/18/2006 31.3 28.5 0 0  
8/15/2006 34.7 27.2 0 0  
9/5/2006 30.0 28.5 0 0  
9/19/2006 22.0 24.2 2 4  
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Table C-5.  Water and air temperature data measured in Lakes Mead and Mohave in 2007
 
.  The numbers of boats, visitors, and 
vehicles observed during sample collection are also shown. 
Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
6-MILE COVE 
5/15/2007  22.7 2 14 7 
5/29/2007 30.7 22.8 0 5 3 
6/4/2007 29.0 24.4 1 15 2 
6/18/2007 34.7 24.6 2 12 5 
7/5/2007 43.3 27.9 5 35 6 
7/16/2007 33.6 27.6 2 12 3 
7/30/2007 32.0 28.7 1 5 3 
8/27/2007 31.3 28.1 0 2 1 
9/4/2007 35.2 30.0 0 0 0 
9/18/2007 26.7 26.2 0 1 1 
BOULDER BEACH 
5/14/2007  19.9 0 0 0 
5/29/2007 32.8 21.2 0 1 1 
6/11/2007 28.0 21.7 0 2 2 
6/25/2007 28.5 24.1 1 3 8 
7/5/2007 29.1 27.9 0 2 3 
7/9/2007 31.9 25.6 0 6 3 
7/23/2007 28.5 26.8 0 4 7 
8/6/2007 31.4 25.9 0 4 4 
8/20/2007 32.5 27.7 0 8 8 
9/4/2007 33.0 28.6 0 6 5 
9/17/2007 27.9 26.8 0 4 5 
BOXCAR COVE 
5/14/2007  22.5 1 16 4 
5/29/2007 29.0 24.7 1 4 4 
6/11/2007 32.8 25.0 0 0 0 
6/25/2007 35.8 26.8 0 1 1 
7/5/2007 33.0 29.1 0 6 2 
7/9/2007 34.8 28.1 0 2 1 
7/23/2007 33.7 28.6 0 2 2 
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Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
BOXCAR COVE 
8/6/2007 29.0 26.0 0 0 0 
8/20/2007 33.5 30.0 0 0 0 
9/4/2007 37.7 30.0 6 4 2 
9/17/2007 28.9 27.4 0 2 1 
HEMENWAY 
5/14/2007  19.1 0 1 1 
5/29/2007 27.4 21.2 2 4 8 
6/11/2007 31.0 21.3 1 3 6 
6/25/2007 29.5 23.9 5 11 13 
7/5/2007 32.0 27.9 1 8 19 
7/9/2007 34.1 25.6 2 6 15 
7/23/2007 29.5 26.8 3 5 11 
8/20/2007 37.0 28.8 4 11 0 
9/4/2007 35.3 28.4 0 1 15 
9/17/2007 26.7 27.0 2 3 8 
8/6/2007 28.8 26.1 2 9 9 
JAMES BAY 
5/14/2007  21.7 0 0  
5/29/2007 30.4 22.9 0 0 0 
6/11/2007 32.6 23.4 0 0 0 
6/25/2007 32.5 26.3 1 5 0 
7/5/2007 34.8 28.0 1 6 0 
7/9/2007 35.2 28.2 2 6 0 
7/23/2007 31.4 29.5 0 0 0 
8/20/2007 35.3 29.1 0 0 0 
9/4/2007 34.6 30.3 0 0 0 
9/17/2007 28.7 27.8 0 0 0 
KATHERINE 
TELEPHONE SWIM 
BEACH 
5/15/2007  20.3 0 10 3 
5/29/2007 30.2 22.2 0 6 4 
6/4/2007 31.1 23.8 1 9 3 
6/18/2007 32.4 22.7 0 5 16 
7/5/2007 39.4 27.6 0 12 9 
7/16/2007 35.9 25.8 0 6 2 
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Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
KATHERINE 
TELEPHONE SWIM 
BEACH 
7/30/2007 35.0 28.1 0 12 5 
8/27/2007 31.6 26.6 0 3 1 
9/4/2007 35.5 29.0 0 5 3 
9/18/2007 25.7 23.7 0 6 2 
MIDDLE POINT COVE 
5/14/2007  19.4 1   
5/29/2007 31.0 22.4 0 0 0 
6/11/2007 33.0 22.7 2 6 0 
6/25/2007 34.2 25.2 0 0 0 
7/5/2007 31.1 28.3 1 6 0 
7/9/2007 33.8 27.5 1 5 0 
7/23/2007 28.6 28.8 0 0 0 
8/20/2007 33.0 29.0 3 0 0 
9/4/2007 36.5 29.8 0 0 0 
9/17/2007 27.1 26.7 0 0 0 
SANDY COVE 
5/14/2007  21.7 3 9  
5/29/2007 31.8 23.5 5 11 0 
6/11/2007 32.6 24.4 2 9 0 
6/25/2007 34.3 26.5 10 43 0 
7/5/2007 37.5 28.7 7 27 0 
7/9/2007 33.2 28.1 0 2 0 
7/23/2007 30.6 28.8 1 5 0 
8/20/2007 33.5 29.0 4 3 0 
9/4/2007 39.0 30.5 1 17 0 
9/17/2007 28.2 27.8 1 2 0 
TEA KETTLE COVE 
5/14/2007  19.2 1   
5/29/2007 25.9 20.6 0 0 0 
6/11/2007 32.0 21.4 0 0 0 
6/25/2007 33.0 25.3 0 0 0 
7/5/2007 34.3 29.0 0 0 0 
7/9/2007 36.0 27.0 0 0 0 
7/23/2007 29.8 28.0 0 0 0 
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Location Date Collected Air Temp. (°C) Water Temp. (°C) # of Boats # of Visitors # of Vehicles 
TEA KETTLE COVE 
8/20/2007 33.4 28.0 0 0 0 
9/4/2007 37.8 29.3 0 2 0 
9/17/2007 28.3 26.4 0 0 0 
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Table D-1.  Concentration of enterococci, Escherichia coli, fecal coliforms, and fecal 
streptococci in surface water collected from Boulder Beach
 
, Lake Mead.  Blank cells represent 
no sample collection.  Bold font indicates value above the recommended criteria (nd = not 
determined; * sample collected from land due to windy weather). 
Date 
CFU per 100 ml of water 
Enterococci E. coli Fecal coliforms Fecal streptococci 
7/22/03  0 6 206 
9/2/03  36 72 800 
9/16/03  0 0 10 
6/1/04  0 0 0 
6/14/04  4 4 0 
7/6/04  2 12 2 
7/19/04  0 0 0 
8/2/04  6 4 8 
8/16/04  0 2 3 
8/30/04  4 2 6 
9/7/04  0 2 0 
5/23/05  8 8 2 
5/31/05  2 4 6 
6/13/05  0 2 8 
6/27/05  0 0 80 
7/5/05  2 4 13 
7/18/05  0 0 324 
8/1/05  2 0 0 
8/29/05  0 0 0 
9/6/05  6 34 44 
5/15/06 2 0 2 4 
5/30/06 2 0 0 0 
6/27/06 628 8 2 234 
7/5/06 6 0 3 2 
7/18/06 2 0 2 nd  
8/15/06 6 0 2 0 
9/5/06 5 5 43 2 
9/19/06 0 2 2 0 
5/14/07 0 0 0 0 
5/29/07 0 0 1 0 
6/11/07 7 4 11 0 
6/25/07 0 0 0 0 
7/5/07 2 <1 9 <1 
7/9/07 2 1 4 <1 
7/23/07 22 1 2 26 
*8/6/07 400 13 87 490 
8/20/07 10 0 5 <10 
9/4/07 <1 <1 23 <1 
9/17/07 <1 <1 4 <1 
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Table D-2.  Concentration of enterococci, Escherichia coli, fecal coliforms, and fecal 
streptococci in surface water collected from Hemenway
 
, Lake Mead.  Blank cells represent no 
sample collection.  Bold font indicates value above the recommended criteria (nd = not 
determined; * sample collected from land due to windy weather). 
Date 
CFU per 100 ml of water 
Enterococci E. coli Fecal coliforms Fecal streptococci 
7/22/03   0 2 82 
9/2/03   0 2 60 
9/16/03   0 2 58 
6/1/04   2 72 2 
6/14/04   0 0 0 
7/6/04   0 0 0 
7/19/04   2 2 0 
8/2/04   8 6 6 
8/16/04   11 97 51 
8/30/04   2 8 0 
9/7/04   4 6 2 
5/23/05   2 0 2 
5/31/05   0 2 6 
6/13/05   0 2 0 
6/27/05   12 38 72 
7/5/05   0 1 26 
7/18/05   0 2 250 
8/1/05   0 4 90 
8/29/05   0 6 28 
9/6/05  0 12 20 
5/15/06 6 2 0 0 
5/30/06 6 0 6 4 
6/27/06 102 0 0 62 
7/5/06 14 1 13 18 
7/18/06 0 10 16  nd 
8/15/06 2 10 2 8 
9/5/06 8 9 92 2 
9/19/06 6 0 4 6 
5/14/07 0 0 0 0 
5/29/07 0 0 1 0 
6/11/07 1 5 6 2 
6/25/07 0 0 0 0 
7/5/07 <1 <1 <1 <1 
7/9/07 3 <1 4 1 
7/23/07 12 <1 2 12 
*8/6/07 53 12 104 40 
8/20/07 <2 0 5 <5 
9/4/07 <1 <1 18 <1 
9/17/07 <1 <1 25 4 
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Table D-3.  Concentration of enterococci, Escherichia coli, fecal coliforms, and fecal 
streptococci in surface water collected from Sandy Cove
 
, Lake Mead.  Blank cells represent no 
sample collection.  Bold font indicates value above the recommended criteria (nd = not 
determined). 
Date 
CFU per 100 ml of water 
Enterococci E. coli Fecal Coliforms Fecal Streptococci 
7/22/03   2 16 64 
9/2/03   30 122 154 
9/16/03 nd nd nd nd 
6/1/04   2 16 10 
6/14/04   0 2 0 
7/6/04   0 8 16 
7/19/04   14 4 0 
8/16/04   3 109 28 
8/30/04   2 198 20 
9/7/04   10 16 4 
5/23/05   2 30 110 
5/31/05   10 78 66 
6/13/05   2 2 0 
6/27/05   4 32 1268 
7/5/05   3 7 9 
7/18/05   0 44 126 
8/1/05   2 0 4 
8/29/05   12 48 28 
9/6/05   8 90 22 
5/15/06 12 6 4 22 
5/30/06 2 4 2 0 
6/27/06 92 8 34 62 
7/5/06 100 78 162 136 
7/18/06 20 8 24 nd  
8/15/06 6 2 94 30 
9/5/06 2 0 14 6 
9/19/06 0 0 8 0 
5/14/07 2 1 4 4 
5/29/07 0 0 2 1 
6/11/07 2 0 1 1 
6/25/07 3 0 11 3 
7/5/07 3 <1 1 1 
7/9/07 1 1 3 6 
7/23/07 9 2 12 15 
8/20/07 21 0 16 73 
9/4/07 <1 <1 7 3 
9/17/07 <1 <1 10 <1 
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Table D-4.  Concentration of enterococci, Escherichia coli, fecal coliforms, and fecal 
streptococci in surface water collected from James Bay
 
, Lake Mead.  Blank cells represent no 
sample collection.  Bold font indicates value above the recommended criteria (nd = not 
determined). 
Date 
CFU per 100 ml of water 
Enterococci E. coli Fecal Coliforms Fecal Streptococci 
7/22/03   0 2 52 
9/2/03   2 0 224 
9/16/03   0 0 0 
6/1/04   0 0 0 
6/14/04   0 8 2 
7/19/04   2 0 0 
8/16/04   1 13 36 
8/30/04   0 0 0 
9/7/04   4 4 0 
5/23/05   0 2 4 
5/31/05   0 0 0 
6/13/05   0 4 86 
6/27/05   2 26 22 
7/5/05   0 68 102 
7/18/05   0 4 14 
8/1/05   4 96 396 
8/29/05   0 6 60 
9/6/05   0 10 30 
5/15/06 16 0 0 16 
5/30/06 2 0 0 2 
6/27/06 12 2 0 32 
7/5/06 42 15 37 73 
7/18/06 18 14 38 nd  
8/15/06 74 4 10 232 
9/5/06 6 0 3 0 
9/19/06 2 0 0 2 
5/14/07 0 0 1 0 
5/29/07 0 1 1 0 
6/11/07 0 0 0 3 
6/25/07 0 0 1 3 
7/5/07 4 <1 2 7 
7/9/07 2 1 29 <1 
7/23/07 3 <1 27 2 
8/20/07 5 0 <5 4 
9/4/07 2 <1 22 2 
9/17/07 <1 <1 44 1 
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Table D-5.  Concentration of enterococci, Escherichia coli, fecal coliforms, and fecal 
streptococci in surface water collected from Middle Point Cove
 
, Lake Mead.  Blank cells 
represent no sample collection.  Bold font indicates value above the recommended criteria (nd = 
not determined). 
Date 
CFU per 100 ml of water 
Enterococci E. coli Fecal Coliforms Fecal Streptococci 
7/22/03   0 0 6 
9/2/03   0 10 238 
9/16/03   0 28 8 
6/1/04   0 0 0 
6/14/04   0 0 42 
7/19/04   0 2 0 
8/16/04   0 66 0 
8/30/04   0 0 0 
9/7/04   0 2 0 
5/23/05   2 4 2 
5/31/05   30 680 68 
6/13/05   0 0 0 
6/27/05   0 2 3 
7/5/05   0 1 180 
7/18/05   0 0 16 
8/1/05   0 16 0 
8/29/05   2 2 0 
9/6/05   0 22 2 
5/15/06 4 0 0 8 
5/30/06 0 0 0 0 
6/27/06 72 2 12 58 
7/5/06 24 0 1 52 
7/18/06 4 0 0 nd  
8/15/06 0 0 0 6 
9/5/06 10 2 296 6 
9/19/06 0 0 0 0 
5/14/07 0 0 0 0 
5/29/07 0 0 0 0 
6/11/07 0 0 0 0 
6/25/07 0 0 0 0 
7/5/07 5 1 11 2 
7/9/07 4 <1 <1 8 
7/23/07 202 <1 <1 193 
8/20/07 3 0 1 10 
9/4/07 1 <1 5 2 
9/17/07 <1 <1 <1 <1 
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Table D-6.  Concentration of enterococci, Escherichia coli, fecal coliforms, and fecal 
streptococci in surface water collected from Tea Kettle Cove
 
, Lake Mead.  Blank cells represent 
no sample collection.  Bold font indicates value above the recommended criteria (nd = not 
determined). 
Date 
CFU per 100 ml of water 
Enterococci E. coli Fecal Coliforms Fecal Streptococci 
7/22/03   0 0 180 
9/2/03   0 0 258 
9/16/03   0 2 2 
6/1/04   0 0 0 
6/14/04   0 0 202 
7/19/04   0 0 0 
8/16/04   0 0 3 
8/30/04   2 2 0 
9/7/04   0 0 2 
5/23/05   2 0 0 
5/31/05   0 0 0 
6/13/05   0 0 0 
6/27/05   0 4 0 
7/5/05   0 0 396 
7/18/05   0 0 0 
8/1/05   0 0 2 
8/29/05   0 20 10 
9/6/05   0 2 0 
5/15/06 10 6 4 10 
5/30/06 4 0 4 4 
6/27/06 4 0 0 40 
7/5/06 4 0 0 20 
7/18/06 0 0 0  nd 
8/15/06 0 0 0 8 
9/5/06 0 0 1 6 
9/19/06 0 0 4 0 
5/14/07 0 0 0 0 
5/29/07 0 0 0 0 
6/11/07 0 0 0 0 
6/25/07 14 0 0 25 
7/5/07 1 <1 1 1 
7/9/07 7 <1 <1 14 
7/23/07 1 <1 <1 <1 
8/20/07 4 0 47 2 
9/4/07 <1 <1 2 27 
9/17/07 <1 <1 <1 <1 
Bacteria in High-use Areas • December 5, 2008 • J8R07070010  60 
Public Lands Institute    University of Nevada Las Vegas 
Table D-7.  Concentration of enterococci, Escherichia coli, fecal coliforms, and fecal 
streptococci in surface water collected from Boxcar Cove
 
, Lake Mead.  Blank cells represent no 
sample collection.  Bold font indicates value above the recommended criteria (nd = not 
determined; * sample collected from land due to windy weather). 
Date 
CFU per 100 ml of water 
Enterococci E. coli Fecal Coliforms Fecal Streptococci 
7/22/03   0 4 38 
9/2/03   0 6 52 
9/16/03   2 16 0 
6/1/04   0 2 0 
6/14/04   0 0 158 
7/6/04   0 2 108 
7/19/04   0 0 0 
8/2/04   0 8 6 
8/16/04   0 1 0 
8/30/04   2 8 0 
9/7/04   0 0 0 
5/23/05   6 4 2 
5/31/05   0 2 22 
6/13/05   0 4 2 
6/27/05   2 14 960 
7/5/05   0 0 1036 
7/18/05   0 0 0 
8/1/05   0 0 22 
8/29/05   0 14 0 
9/6/05   2 18 0 
5/15/06 2 0 2 6 
5/30/06 0 0 0 6 
6/27/06 450 0 0 354 
7/5/06 6 0 1 8 
7/18/06 0 0 0  nd 
8/15/06 4 4 12 40 
9/5/06 0 3 26 0 
9/19/06 0 0 0 0 
5/14/07 1 0 0 0 
5/29/07 0 0 0 1 
6/11/07 1120 1 0 1360 
6/25/07 10 0 0 19 
7/5/07 7 <1 <1 4 
7/9/07 79 <1 11 240 
7/23/07 63 1 9 179 
*8/6/07 500 1 34 720 
8/20/07 6 0 25 10 
9/4/07 <1 1 7 <1 
9/17/07 1 3 4 26 
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Table D-8.  Concentration of enterococci, Escherichia coli, fecal coliforms, and fecal 
streptococci in surface water collected from 6-Mile Cove
 
, Lake Mohave.  Blank cells represent 
no sample collection.  Bold font indicates value above the recommended criteria. 
Date 
CFU per 100 ml of water 
Enterococci E. coli Fecal Coliforms Fecal Streptococci 
6/1/04   16 264 194 
7/6/04   6 94 12 
8/16/04   1 201 10 
5/31/05   0 34 12 
6/29/05   2 2 44 
7/5/05   4 21 3 
7/18/05   0 0 0 
8/29/05   10 1440 136 
9/6/05   2 8 4 
5/15/06 0 0 0 0 
5/30/06 2 0 10 4 
6/27/06 80 28 280 90 
7/5/06 344 370 400004 1080 
7/19/06 2 0 10 0 
8/1/06 16 2 122 26 
9/5/06 96 54 1120 270 
9/19/06 0 0 24 0 
5/15/07 1 0 3 7 
5/29/07 16 8 79 15 
6/4/07 2 0 12 13 
6/18/07 0 0 1 3 
7/5/07 323 6 25 480 
7/16/07 2 1 66 7 
7/30/07 88 <2 1920 64 
8/27/07 1 1 6 3 
9/4/07 7 1 68 <1 
9/18/07 <1 <1 1 <1 
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Table D-9.  Concentration of enterococci, Escherichia coli, fecal coliforms, and fecal 
streptococci in surface water collected from Telephone Cove/Katherine Cove swim beach
 
, Lake 
Mohave.  Blank cells represent no sample collection.  Bold font indicates value above the 
recommended criteria (*sample collected from marina). 
Date 
CFU per 100 ml of water 
Enterococci E. coli Fecal Coliforms Fecal Streptococci 
*6/1/04   2 16 2 
*7/6/04   10 10 6 
*8/16/04   0 2 1 
*5/31/05   0 8 4 
*6/29/05   0 2 2 
*7/5/05   3 18 4 
*7/18/05   4 10 6 
*8/29/05   0 26 6 
*9/6/05   0 22 0 
*5/15/06 0 2 8 0 
*5/30/06 2 4 10 0 
*6/27/06 0 0 0 12 
*7/5/06 49 5 121 45 
*7/19/06 4 2 78 8 
*8/1/06 0 0 44 10 
*9/5/06 2 4 55 0 
*9/19/06 0 0 0 0 
5/15/07 0 0 1 1 
5/29/07 2 1 20 9 
6/4/07 3 14 31 7 
6/18/07 0 1 1 0 
7/5/07 700 2 5 770 
7/16/07 14 1 22 20 
7/30/07 2040 <2 272 1720 
8/27/07 <2 0 <2 <2 
9/4/07 217 22 69 <1 
9/18/07 <1 <1 3 <1 
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